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RADIATING COAXIAL CABLE HAVING 
GROUPS OF SPACED APERTURES FOR 

GENERATING A SURFACE WAVE AT A LOW 
FREQUENCIES AND A COMBINATION OF 
SURFACE AND RADIATED WAVES AT 

HIGHER FREQUENCIES 

FIELD OF THE INVENTION 

The present invention relates generally to a radiating 
coaxial cable, and more particularly to a radiating coaxial 
cable having groups of spaced apertures for generating a 
surface Wave at loW frequencies and a combination of 
surface and radiated Waves at higher frequencies. 

BACKGROUND OF THE INVENTION 

Radiating and leaky coaxial cables are employed as 
longitudinal antennas in con?ned spaces like tunnels, mines, 
buildings and in other stretched-out applications involving a 
narroW lateral corridor needed for one or tWo Way 

communication, such as railroads and highWays. 
Leaky coaxial cables support surface Waves. The coupling 

loss betWeen cable and antenna increases proportionally as 
1/r2, Where r is the distance betWeen the cable and the 
antenna. The coupling loss also increases With increasing 
frequency. Leaky coaxial cables are knoWn to employ, for 
example, outer conductors de?ning equally spaced groups of 
apertures, longitudinal apertures, corrugated outer conduc 
tors having milled-off corrugation tops, loosely braided 
outer conductors. Such prior art leaky coaxial cable designs 
are typically broad-banded. 

Radiating coaxial cables radiate a free space Wave. The 
coupling loss increases With 1/r, and is fairly constant over 
a relatively narroW design bandWidth. Prior art radiating 
coaxial cables are knoWn to employ groups of apertures 
de?ned in the outer conductor. About half of the apertures 
Within a group are tilted forWard, the other half backWard. 
The spaced groups of apertures must be designed about the 
center operational Wavelength and to be con?gured for the 
speci?c bandWidth requirement. 
US. Pat. No. 4,366,457 and corresponding German Pat. 

DE 30 04 882 C2 employ groups of coupling apertures 
Which are so designed as to primarily support surface Waves 
in comparison With radiating Waves. The spacing betWeen 
adjacent groups of coupling apertures is substantially larger 
than the operational Wavelength, and more speci?cally is 
larger than 10 meters. 
US. Pat. No. 5,276,413 describes a coaxial cable de?ning 

equally-spaced groups of apertures Which excite a surface 
Wave. There is one aperture per group in the ?rst section at 
the cable input. The number of apertures Within a group 
progressively increases With each subsequent cable section 
in order to maintain the coupling loss to be approximately 
constant along the length of the cable While the internal 
insertion loss increases. The group spacing must be smaller 
than half the smallest operational Wavelength to avoid 
resonance return loss spikes Within the operational fre 
quency band. The number of apertures per cable length is 
therefore high, thus increasing the insertion loss and increas 
ing the potential of moisture migrating through the apertures 
and into the cable. 
US. Pat. No. 5,291,164 shoWs a coaxial cable Which 

radiates a free space Wave Within the operational frequency 
band. The cable provides groups of apertures designed With 
respect to the center operational frequency. This design 
generates a surface Wave beloW the radiating operational 
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2 
frequency band, but a high coupling loss limits its use at 
those frequencies. The bandWidth of the radiating opera 
tional frequency band is relatively narroW. 

OBJECTS OF THE INVENTION 

In response to the foregoing, an object of the present 
invention is to provide a radiating coaxial cable having 
groups of spaced apertures for generating a surface Wave at 
loW frequencies and a combination of surface and radiated 
Waves at higher frequencies. 

Another object of the present invention is to provide a 
radiating coaxial cable exhibiting loW coupling loss over a 
Wide frequency band. 
A further object of the present invention is to provide a 

radiating coaxial cable Which minimiZes the number of 
apertures de?ned in its outer conductor in order to minimiZe 
the potential of Water migrating into the inside of the cable 
and to obtain a loW insertion loss for internal TEM Waves 
propagating therethrough. 

SUMMARY OF THE INVENTION 

According to a ?rst aspect of the present invention, a 
radiating coaxial cable includes an inner conductor, an 
electrical insulator located about a periphery of the inner 
conductor, and an outer conductor located about a periphery 
of the electrical insulator. The outer conductor de?nes 
groups of apertures spaced from each other a respective 
predetermined distance in the range from about eight meters 
to less than ten meters. The spacing is varied for return loss 
reasons. 

According to a second aspect of the present invention, a 
radiating coaxial cable having a longitudinally extending 
center axis includes an inner conductor, an electrical insu 
lator located about a periphery of the inner conductor, and an 
outer conductor located about a periphery of the electrical 
insulator. The outer conductor de?nes groups of apertures 
spaced from each other a predetermined distance in the 
range from about eight meters to less than ten meters. Each 
aperture includes at least one opening extending circumaxi 
ally of the center axis about a portion of the outer conductor. 
A respective height of each aperture in a direction along a 
circumference of the outer conductor is about 20% to about 
40% of the circumference of the outer conductor. A respec 
tive Width of each aperture in a direction along a length of 
the outer conductor is in a range from about half to less than 
a respective height of the aperture, and a spacing of at least 
a ?rst and last aperture Within an aperture group has a half 
Wavelength resonance in a range from Within to slightly 
above an operational frequency band of the cable, Whereby 
a surface Wave is generated at loW frequencies and a 
combination of surface and radiated Waves is generated at 
higher frequencies. 
An advantage of the present invention is that the radiating 

coaxial cable exhibits loW coupling loss over a Wide fre 
quency band. 

Another advantage of the present invention is that the 
radiating coaxial cable minimiZes the number of apertures 
de?ned in its outer conductor in order to minimiZe the 
potential of Water migrating into the inside of the cable and 
to obtain an acceptable insertion loss for internal TEM 
Waves. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 schematically illustrates a side vieW of the cable 
Without its outer jacket and shoWing groups of spaced 
apertures de?ned in its outer conductor. 
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FIG. 2 illustrates a group of apertures in accordance With 
the present invention. 

FIG. 3 is a cross-sectional vieW of the coaxial cable of 
FIG. 1 taken along lines 3—3 showing a single aperture 
con?guration around the periphery of the cable in accor 
dance With the present invention. 

FIG. 4 is a cross-sectional vieW of the coaxial cable of 
FIG. 1 taken along the lines 3—3 shoWing a double aperture 
con?guration around the periphery of the cable in accor 
dance With the present invention. 

FIG. 5a illustrates a rectangular aperture in accordance 
With the present invention. 

FIG. 5b illustrates an oval aperture in accordance With the 
present invention. 

FIG. 5c illustrates a rectangular aperture With full radii 
corners in accordance With the present invention. 

FIG. 5a' illustrates a rectangular aperture with small radii 
corners in accordance With the present invention. 

FIG. 6a schematically illustrates aperture group spacings 
Which progressively increase and then progressively 
decrease along a length of the cable. 

FIG. 6b schematically illustrates aperture group spacings 
Which progressively decrease and then progressively 
increase along a length of the cable. 

FIG. 6c schematically illustrates aperture group spacings 
Which are randorniZed along a length of the cable. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Radio frequency (RF) and microwave frequency electro 
magnetic Waves are transmitted through a coaxial cable in 
the form of a transverse electrornagnetic (TEM) Wave. 
Groups of openings in the outer conductor are used to 
transfer energy to the outside of the cable. This energy forrns 
mainly a surface Wave (Goubau Wave) for loW operational 
frequencies (i.e., RF frequencies) and a combination of 
surface Wave and radiated Wave for high operational fre 
quencies (i.e., microwave frequencies). The combination of 
surface Wave and radiated Wave at high operational frequen 
cies substantially loWers the coupling loss, and does not 
limit the operational frequency bandWidth of the radiated 
coaxial cable. 

With reference to FIGS. 1—5, a leaky/radiating coaxial 
cable embodying the present invention is generally desig 
nated by the reference number 10 (FIG. 1). For simplicity of 
illustration, the outer protective jacket of the coaxial cable 
10 is not shoWn. The coaxial cable 10 comprises a solid or 
holloW inner conductor 12 (FIGS. 1, 3 and 4), an electrical 
insulator or dielectric 14 (FIGS. 1, 3 and 4) extending 
circurnferentially about the inner conductor 12, and a 
cylindrically-shaped outer conductor 16 (FIGS. 1—4) having 
an inner surface 18 (FIGS. 3 and 4) opposing and extending 
circurnferentially about the dielectric 14. The inner conduc 
tor 12 may be made of any material having good electrical 
conductivity such as copper, and may, for example, be in the 
form of solid Wire, braided Wire or a tube. The outer 
conductor 16 is preferably in the form of Welded or over 
lapping copper or aluminum tape. The dielectric 14 is 
preferably polyethylene, polypropylene or Te?on®, and 
may be solid, foarn or in the form of spacers in an air 
dielectric cable. A dielectric spacer may be made a solid 
dielectric, and may be embodied as individual spacers or 
helical spacers. 
As shoWn in FIG. 1, the outer conductor de?nes groups of 

apertures 20 spaced longitudinally from each other a vari 
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4 
able distance D Within a predetermined range along the 
length of the coaxial cable 10. For simplicity of illustration, 
each group of apertures 20 in FIG. 1 is represented by a 
rectangle. Each group of apertures 20 includes a plurality of 
apertures. As shoWn in FIG. 2, for example, a group of 
apertures 20 de?ned in the outer conductor 16 (see FIG. 1) 
include six apertures 22a, 22b, 22c, 22d, 22c and 22f 
Wherein each aperture is in the shape of a rectangle With 
rounded corners. The apertures 22, may have a variety of 
alternative shapes. For example, FIG. 5a—5d illustrate a 
rectangular aperture 23 having square corners (FIG. 5a), an 
oval aperture 25 (FIG. 5b), a rectangular aperture 27 having 
full radii corners (FIG. 5c), and a rectangular aperture 29 
having srnall radii corners (FIG. 5a) Moreover, the aper 
tures may extend at an oblique angle (not shoWn) relative to 
a center axis C extending along the longitudinal center of the 
coaxial cable 10. Each aperture also may be de?ned by one 
or a plurality of openings extending circurnferentially about 
the periphery of the coaxial cable 10. As shoWn in FIG. 3, 
for example, an aperture 22 de?ned in the outer conductor 
16 of the coaxial cable 10 de?nes a single opening extending 
circurnferentially about a portion of the periphery of the 
cable. Alternatively, as shoWn in FIG. 4, each aperture 22 
de?ned in the outer conductor 16 is comprised of tWo 
openings 22‘ and 22“ each extending circurnferentially about 
a portion of the periphery of the coaxial cable 10. The groups 
of apertures 20 de?ned in the outer conductor 16 act as feed 
points to facilitate energy transfer from an internal (TEM) 
Wave to the outside of the coaxial cable 10 as a leaky 
(Goubau) Wave at loWer operational frequencies and as a 
combination of surface Wave and radiated Wave at higher 
operational frequencies. 
More speci?cally, it has been discovered that a properly 

designed group of apertures generates a surface Wave at loW 
frequencies and a combination of surface and radiating 
Waves at high frequencies. Preferably, the apertures are of 
rectangular shape With rounded corners or a full radius. The 
height “H” of the apertures de?ned as the length of the 
apertures in the direction along the circumference of the 
outer conductor 16 is from about 20% to about 40% of the 
circumference of the outer conductor 16. If tWo or more 
openings comprising an aperture are distributed about the 
circumference of the outer conductor 16, as shoWn in FIG. 
4, the sum of the heights of the openings about the circurn 
ference is from about 20% to about 40% of the circurnfer 
ence of the outer conductor. The Width W of the apertures 
de?ned as the length of the apertures in the direction along 
the length of the outer conductor 16 is about half or less than 
the aperture height H or combined height H if tWo or more 
openings comprising an aperture are distributed about the 
circumference of the outer conductor in FIG. 2. The spacing 
of the apertures Within a group is determined by the opera 
tional frequency band of the cable. As shoWn in FIG. 2, at 
least the ?rst aperture 22a and the last aperture 22f Within an 
aperture group are spaced from one another such that the 
half Wavelength resonance falls Within the operational fre 
quency band of the cable, but not necessarily on an opera 
tional frequency. Moreover, the half Wavelength resonance 
may be slightly above the operational frequency band. 
Additional aperture cornbinations such as betWeen the ?rst 
aperture 22a and the ?fth aperture 226, or betWeen the 
second aperture 22b and the last aperture 22f may have this 
half Wavelength resonance condition Which result in an 
increase in the energy level of the radiated Wave. The non 
resonant apertures increase the energy level of the surface 
Wave. 

The coupling loss initially decreases With progressively 
increasing operational frequencies and remains essentially 
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constant at higher operational frequencies. The aperture 
con?guration of a group can furthermore be either optimiZed 
for a trade off betWeen the internal insertion loss and the 
coupling loss or tailored to speci?c customer requirements. 
A decrease of the coupling loss increases the internal inser 
tion loss. The longitudinal spacing D (see FIG. 1) betWeen 
adjacent groups of apertures 20 is chosen to be in the range 
of about tWice the longest operational Wavelength to less 
than 10 meters. The smallest spacing is chosen to be 8 
meters for a loWest operational frequency of 75 MHZ. The 
spacing D may be varied along the above-mentioned range 
in order to avoid the energy re?ected by the aperture groups 
from adding-up in phase at the cable input. 
A reason that the longitudinal spacing D of the groups of 

apertures 20 is chosen not to exceed 10 meters is because the 
external surface Wave and the radiated Wave may be 
severely attenuated by the surrounding environment, such as 
for example, concrete and steel used for tunnel and building 
constructions. A single group of apertures 20 per cable 
length is theoretically suf?cient for a long distance in free 
space, but this situation never happens in a typical installa 
tion. 

Turning to FIGS. 6a, 6b and 6c, the distance D betWeen 
adjacent groups of apertures should be varied along the 
length of the coaxial cable 10 to minimiZe their in?uence on 
the return loss. With reference to FIG. 6a, for example, the 
distance D betWeen adjacent groups of apertures 20a (each 
aperture group schematically represented as a dot) along the 
length L of the coaxial cable 10 may progressively increase 
and then progressively decrease one or more times Within 
the above-mentioned range of about eight to less than ten 
meters. With reference to FIG. 6b, the distance D betWeen 
adjacent groups of apertures 20b along the length L of the 
cable may progressively decrease and then progressively 
increase one or more times Within the above-mentioned 

range. Further, With reference to FIG. 6c, the distance D 
betWeen adjacent groups of apertures 20c along the length of 
the coaxial cable 10 may be randomiZed Within the above 
mentioned range. Other suitable spacing patterns may also 
be employed for minimiZing return loss. 

The apertures distort the impedance of the internal coaxial 
system Which carries the TEM Wave. Re?ections or distor 
tions Which are spaced from each other at half an operational 
Wavelength and multiples thereof, add up in phase and result 
in high return loss spikes at the cable input. The relatively 
large group spacing D is bene?cial in that the potential of 
moisture migrating into the internal coaxial system is less 
likely than With short coupling aperture spacing if the 
protective outer jacket of the coaxial cable should be dam 
aged. 

Although this invention has been shoWn and described 
With respect to an exemplary embodiments thereof, it should 
be understood by those skilled in the art that the foregoing 
and various other changes, omissions, and additions in the 
form and detail thereof may be made therein Without depart 
ing from the spirit and scope of the invention. 
What is claimed is: 
1. A radiating coaxial cable comprising: 
an inner conductor; 
an electrical insulator located about a periphery of the 

inner conductor; and 
an outer conductor located about a periphery of the 

electrical insulator, the outer conductor de?ning groups 
of apertures, Wherein apertures forming a group are 
axially spaced from one another Within the group, and 
each group is axially spaced a predetermined distance 

10 

15 

25 

35 

55 

65 

6 
from an adjacent group, the distance betWeen adjacent 
groups being in the range from about eight meters to 
less than ten meters. 

2. A radiating coaxial cable as de?ned in claim 1, Wherein 
each of the groups of apertures includes at least tWo aper 
tures. 

3. A radiating coaxial cable as de?ned in claim 1, Wherein 
each of the groups of apertures includes a plurality of 
apertures. 

4. A radiating coaxial cable as de?ned in claim 1, Wherein 
the apertures are rectangular in shape. 

5. A radiating coaxial cable as de?ned in claim 1, Wherein 
the apertures have a rectangular shape With rounded corners. 

6. A radiating coaxial cable as de?ned in claim 1, Wherein 
the apertures are oval in shape. 

7. A radiating coaxial cable as de?ned in claim 1, Wherein 
the cable has a longitudinally extending center axis, and 
Wherein each aperture includes at least one opening extend 
ing circumaxially relative to the center axis about a portion 
of the outer conductor, and a respective height of each 
aperture in a direction along a circumference of the outer 
conductor being about 20% to about 40% of the circumfer 
ence of the outer conductor. 

8. A radiating coaxial cable as de?ned in claim 7, Wherein 
each aperture includes tWo openings extending circumaxi 
ally about a portion of the outer conductor. 

9. A radiating coaxial cable as de?ned in claim 7, Wherein 
each aperture includes a plurality of openings extending 
circumaxially about a portion of the outer conductor. 

10. A radiating coaxial cable as de?ned in claim 7, 
Wherein the Width of each aperture is about half the respec 
tive height. 

11. A radiating coaxial cable as de?ned in claim 7, 
Wherein the Width of each aperture is less than the respective 
height. 

12. A radiating coaxial cable as de?ned in claim 7, 
Wherein a spacing of at least a ?rst and last aperture Within 
an aperture group has a half Wavelength resonance Within an 
operational frequency band of the cable. 

13. A radiating coaxial cable as de?ned in claim 7, 
Wherein a spacing of at least a ?rst and last aperture Within 
an aperture group has a half Wavelength resonance slightly 
above an operational frequency band of the cable. 

14. A radiating coaxial cable as de?ned in claim 1, 
Wherein the respective distance betWeen adjacent groups of 
apertures along an axial length of the cable progressively 
increases and then decreases Within said range. 

15. A radiating coaxial cable as de?ned in claim 1, 
Wherein the respective distance betWeen adjacent groups of 
apertures along an axial length of the cable progressively 
decreases and then increases Within said range. 

16. A radiating coaxial cable as de?ned in claim 1, 
Wherein the respective distance betWeen adjacent groups of 
apertures along an axial length of the cable varies randomly 
Within said range. 

17. A radiating coaxial cable having a longitudinally 
extending center axis, the cable comprising: 

an inner conductor; 
an electrical insulator located about a periphery of the 

inner conductor; and 
an outer conductor located about a periphery of the 

electrical insulator, the outer conductor de?ning groups 
of apertures, Wherein apertures forming a group are 
axially spaced from one another Within the group, and 
each group is axially spaced a predetermined distance 
from an adjacent group, the distance betWeen adjacent 
groups being in the range from about eight meters to 
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less than ten meters, each aperture including at least 
one opening extending circurnaxially relative to the 
center axis about a portion of the outer conductor, a 
respective height of each aperture in a direction along 
a circumference of the outer conductor being about 
20% to about 40% of the circumference of the outer 
conductor, and a respective Width of each aperture 
being in a direction along a length of the outer con 
ductor. 

18. A radiating coaxial cable as de?ned in claim 7, 
Wherein each of the groups of apertures includes a plurality 
of apertures. 

19. A radiating coaxial cable as de?ned in claim 17, 
Wherein the apertures are rectangular in shape. 

20. A radiating coaxial cable as de?ned in claim 17, 
Wherein the apertures have a rectangular shape With rounded 
corners. 

21. A radiating coaxial cable as de?ned in claim 17, 
Wherein the apertures are oval in shape. 

22. A radiating coaxial cable as de?ned in claim 7, 
Wherein each of the groups of apertures includes at least tWo 
apertures. 

23. A radiating coaxial cable as de?ned in claim 17, 
Wherein the respective distance betWeen adjacent groups of 
apertures along an axial length of the cable progressively 
increases and then decreases Within said range. 

24. A radiating coaxial cable as de?ned in claim 17, 
Wherein the respective distance betWeen adjacent groups of 
apertures along an axial length of the cable progressively 
decreases and then increases Within said range. 

25. A radiating coaxial cable as de?ned in claim 17, 
Wherein the respective distance betWeen adjacent groups of 
apertures along an axial length of the cable varies randomly 
Within said range. 

26. A radiating coaxial cable as de?ned in claim 17, 
Wherein each aperture includes tWo openings extending 
circurnaxially about a portion of the outer conductor. 

27. A radiating coaxial cable as de?ned in claim 17, 
Wherein each aperture includes a plurality of openings 
extending circurnaxially about a portion of the outer con 
ductor. 

28. A radiating coaxial cable as de?ned in claim 17, 
Wherein a spacing of at least a ?rst and last aperture Within 
an aperture group has a half Wavelength resonance slightly 
above an operational frequency band of the cable. 

29. A radiating coaxial cable as de?ned in claim 17, 
Wherein a spacing of at least a ?rst and last aperture Within 
an aperture group has a half Wavelength resonance Within an 
operational frequency band of the cable. 

30. A radiating coaxial cable as de?ned in claim 17, 
Wherein the Width of each aperture is about half of the 
respective height. 
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31. A radiating coaxial cable as de?ned in claim 17, 

Wherein the Width of each aperture is less than the respective 
height. 

32. A radiating coaxial cable comprising: 

an inner conductor; 

an electrical insulator located about a periphery of the 
inner conductor; and 

an outer conductor located about a periphery of the 
electrical insulator, the outer conductor de?ning groups 
of apertures, Wherein apertures forming a group are 
axially spaced from one another Within the group, and 
each group is axially spaced a predetermined distance 
from an adjacent group, the distance betWeen adjacent 
groups being in the range from about eight meters to 
less than ten meters, and Wherein the distance betWeen 
adjacent groups of apertures along a length of the cable 
progressively decreases and then increases Within said 
range. 

33. A radiating coaxial cable comprising: 

an inner conductor; 

an electrical insulator located about a periphery of the 

inner conductor; and 
an outer conductor located about a periphery of the 

electrical insulator, the outer conductor de?ning groups 
of apertures, Wherein apertures forming a group are 
axially spaced from one another Within the group, and 
each group is axially spaced a predetermined distance 
from an adjacent group, the distance betWeen adjacent 
groups being in the range from about eight meters to 
less than ten meters, and Wherein the distance betWeen 
adjacent groups of apertures along a length of the cable 
varies randornly Within said range. 

34. A radiating coaxial cable comprising: 
an inner conductor; 
an electrical insulator located about a periphery of the 

inner conductor; and 
an outer conductor located about a periphery of the 

electrical insulator, the outer conductor de?ning groups 
of apertures, Wherein apertures forming a group are 
axially spaced from one another Within the group, and 
each group is axially spaced a predetermined distance 
from an adjacent group, the distance betWeen adjacent 
groups being in the range from about eight meters to 
less than ten meters, and Wherein the distance betWeen 
adjacent groups of apertures along a length of the cable 
progressively increases and then decreases Within said 
range. 


